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(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing 
method of a pulley for a continuously variable transmission 
fully filling soft metal on a peripheral groove part provided to 
a shaft and having high connection strength between a flange 

part and a puUey part. 

SOLUTION: The flange part 2 is integrally provided to the 
steel shaft 1, and a second faying surface 12a on the back side 
opposing to a belt contact surface 11 of the light-alloy pulley 
part 1 0 is fayed on a first faying surface 2a of the flange part 2 
by friction pressure. The second faying surface has a larger 
softening margin of inner peripheral side than a softening 
margin of outer peripheral side, and part of soft alloy softened 
by friction pressure is filled into the peripheral groove part 3 
of the shaft 1 . 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
dcunages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

In the manufacture approach of the pulley for nonstep variable speed gears which consists of a steel 
shaft and the pulley section made from a light alloy, 

The process which prepares the shaft in which the circumferential groove section was formed for the 
peripheral face of the shaft which adjoins the 1st plane of composition of the above-mentioned flange 
while preparing in one the flange which has the 1st plane of composition joined to the above-mentioned 
pulley section, 

The process for which the pulley section in which the 2nd plane of composition which enlarged the 
softening cost by the side of inner circumference compared with the softening cost by the side of a 
periphery was formed at the belt contact surface and the tooth back which counters is prepared, 
The manufacture approach of the pulley for nonstep variable speed gears of having the process which 
fills up the above-mentioned circumferential groove section with some softened metals while joining by 
friction welding, carrying out relative rotation of the 1st plane of composition of the above-mentioned 
flange, and the 2nd plane of composition of the pulley section. 
[Claim 2] 

The belt contact surface of the pulley section and the taper side which inclined in this direction are 
formed in the 1 st plane of composition of the above-mentioned flange. 
The manufacture approach of the pulley for nonstep variable speed gears according to claim 1 
characterized by forming in the 2nd plane of composition before junction of the above-mentioned pulley 
section the taper side where a vertical angle is bigger than the 1st plane of composition of the above. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.n... 1/16/2006 



JP,2004-138209,A [DETAILED DESCRIPTION] 



Page 1 of 6 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the manufacture approach of the pulley for nonstep variable speed gears, 
especially the manufacture approach of the pulley of a composite construction which consists of a steel 
shaft and the pulley section made from a light alloy. 
[0002] 

[Description of the Prior Art] 
[Patent reference 1] JP,63- 104790, A 

Although the various nonstep variable speed gears which perform automatic gear change using a V belt 
are put in practical use conventionally, constituting the pulley section from light alloys, such as an 
aluminum containing alloy, especially for lightweight-izing or the improvement of heat dissipation 
nature is performed. In that case, as for a power transfer shaft (shaft), it is desirable to use steel materials 
in order to secure the endurance over transfer torque. Therefore, only the pulley section rubbed against a 
belt is set as the object of light-alloy-izing. 
[0003] 

Although it is necessary to join a steel shaft and the pulley section made from an aluminum containing 
alloy to high intensity at this time, as a high intensity junction technique of the conventional steel and an 
aluminum containing alloy, "cast", "press fit", "conclusion which used with [ of **** ] the bundle", etc. 
can be considered. However, the quality control process cut any approach in many, and it had become 
cost quantity from the reasons of the required part of machining increasing. 
[0004] 

Then, the method of joining the pulley section made from aluminum and a steel shaft to the patent 
reference 1 by the friction joint like a publication is proposed. This approach makes the bore of the 
pulley section made from aluminum smaller than the outer diameter of a steel shaft, it fixes the pulley 
section, rotates a shaft, contacts a plane of composition, applies a pressure, suspends rotation of a shaft 
after insertion, and it is pressurized fiirther and it joins it. 
[0005] 

Since the inner skin of the pulley section and the peripheral face of a shaft become with a plane of 
composition in the case of the above-mentioned junction approach, the thrust (axial load) concerning the 
pulley section acts in the shear direction to a plane of composition. Therefore, there is a fault that must 
take the large junction width of face of the pulley section and a shaft in order to raise bonding strength, 
and the thickness of the bore section of the pulley section becomes large, and weight becomes large. 
Moreover, since the plane-of-composition product of the pulley section and a shaft was small, when a 
belt thrust acted to the pulley section, the pulley section inclined to the shaft, or it was easy to generate a 
crack etc. in a joint with a shaft, and there was a problem that the rigidity over a belt thrust was low. 
[0006] 

[Problem(s) to be Solved by the Invention] 
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Then, the pulley for nonstep variable speed gears with bonding strength high [ as shown in drawing 4 
and drawing 5 , while an applicant for this patent forms a flange 21 in the steel shaft 20 and does relative 
rotation of the tooth back of this flange 21 and the pulley section 30 made from a light alloy, are joining 
by friction welding, and ], and the high rigidity over a belt thrust was proposed (application for patent 
No. 271291 [2001 to]). 

In drawing 4 and drawing 5 , the 1st plane of composition 22 is formed in one side face of a flange 21, 
and the 2nd concave plane of composition 32 is formed in the tooth back of this and the pulley section 
30 which counters. In addition, 3 1 is the belt contact surface. In order to raise the bond strength of the 
bore section of the pulley section 30, and a shaft 20 in the case of this pulley for nonstep variable speed 
gears, the circumferential groove section 23 for filling up with the softened metal (light alloy) the 
periphery section of the shaft 20 which adjoins the 1st plane of composition 22 of a flange 21 is formed. 
[0007] 

Since the 1st plane of composition 22 and the 2nd plane of composition 32 are formed in respect of 
being parallel in the case of the above-mentioned structure, the 1st plane of composition 22 and the 2nd 
plane of composition 32 rub on the whole surface at the time of friction welding. However, the 
peripheral velocity by the side of the periphery in a friction surface is large, since temperature becomes 
[ a periphery side ] high compared with an inner circumference side, a periphery side softens previously 
and an inner circumference side will be in the condition of saying that it is still hard. A softening metal 
is an assembly and a cone to a periphery side by the difference in such softening temperature, and the 
centrifugal force at the time of friction welding. Therefore, the circumferential groove section 23 could 
not be filled up with enough softening metals, but there was a case where desired bond strength was not 
obtained between a shaft 20 and the pulley section 30. 
[0008] 

Then, the purpose of this invention can be filled up with enough softening metals for the circumferential 
groove section prepared in a shaft, and is to offer the manufacture approach of the pulley for nonstep 
variable speed gears with the high bond strength of a flange and the pulley section. 
[0009] 

[Means for Solving the Problem] 

In order to attain the above-mentioned purpose, invention concerning claim 1 While preparing in one the 
flange which has the 1st plane of composition joined to the above-mentioned pulley section in the 
manufacture approach of the pulley for nonstep variable speed gears which consists of a steel shaft and 
the pulley section made from a light alloy The process which prepares the shaft in which the 
circumferential groove section was formed for the peripheral face of the shaft which adjoins the 1st 
plane of composition of the above-mentioned flange, The process for which the pulley section in which 
the 2nd plane of composition which enlarged the softening cost by the side of inner circumference 
compared with the softening cost by the side of a periphery was formed at the belt contact surface and 
the tooth back which counters is prepared, While joining by friction welding, carrying out relative 
rotation of the 1 st plane of composifion of the above-mentioned flange, and the 2nd plane of 
composition of the pulley section, the manufacture approach of the pulley for nonstep variable speed 
gears of having the process which fills up the above-mentioned circumferential groove section with 
some softened metals is offered. 
[0010] 

The 1st plane of composition of the flange of a shaft and the 2nd plane of composition of the tooth back 
of the pulley section are contacted, if friction welding is carried out, carrying out relative rotation of 
both the planes of composition, to a joint, the metallurgy junction force by the counter diffusion of a 
flange and the pulley section will work, and rigid-body association will be carried out at it. Since the 
2nd plane of composition of the pulley section and the 1st plane of composition of the flange of a shaft 
which meet shaft orientations carry out confrontation junction, even if a thrust acts on the pulley section, 
**** of the pulley section is certainly supportable by the flange of a shaft. Therefore, junction width of 
face of the pulley section and a shaft can be made small, and a thin pulley can be constituted in shaft 
orientations. 
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Moreover, the circumferential groove section was formed in the peripheral face of the shaft which 
adjoins the 1st plane of composition of a flange, and it is filled up with some light alloys softened by 
friction welding in this circumferential groove section. Since the 2nd plane of composition of the pulley 
section has enlarged the softening cost by the side of inner circumference especially compared with the 
softening cost by the side of a periphery, an inner circumference side is previously rubbed at the time of 
fi-iction welding, and many softened metals move to the bore section of the pulley section. Therefore, the 
clearance between the circumferential groove section and a shaft periphery, and pulley section inner 
circumference can be certainly filled with a softening metal. Since the light alloy which the 
circumferential groove section was filled up and hardened demonstrates an anchor effect, the bonding 
strength of the bore section of the pulley section and a shaft (flange) improves. 
[0011] 

It is good to form in the 1 st plane of composition of a flange the belt contact surface of the pulley 
section, and the taper side which inclined in this direction, and to form in the 2nd plane of composition 
before junction of the pulley section the taper side where a vertical angle is bigger than the 1st plane of 
composition like claim 2. 

In this case, the field by which friction welding is carried out first is only an inner circumference side, 
and a friction surface is expanded to a periphery side as a pressure welding advances after that. Thus, the 
oxide film which exists in the plane of composition of the pulley section made from a light alloy by a 
friction surface being expanded serially is destroyed certainly, and an oxide film is joined in the 
condition of having been removed certainly, in the state of the completion of junction. Therefore, 
junction dependability becomes high. 

In addition, since the 1 st plane of composition and the belt contact surface of a flange become parallel in 
the completion condition of junction when the vertical angle of the 1st plane of composition of a fl.ange 
is mostly used as the vertical angle of the belt contact surface of the pulley section at the same include 
angle, wall thickness reduction of the pulley section corresponding to the periphery edge of a flange can 
be made small, and it becomes possible to raise the reinforcement to a belt thrust. If it puts in another 
way, it will become possible to maintain desired reinforcement, making thickness of the whole pulley 
section small. 
[0012] 

[Embodiment of the Invention] 

Drawing 1 - drawing 3 show an example of the pulley for nonstep variable speed gears concerning this 
invention, and, as for drawing 1 , drawing 3 shows the condition after junction before junction in the 
middle of junction, as for drawing 2 . 

1 is a steel shaft and the approximate circle tabular flange 2 is formed in the shaft 1 at one. It is [ as 
opposed to / in one side face of a flange 2 / the axis of a shaft 1 ] the predetermined vertical angle theta 
1. 1st plane-of-composition 2a of the shape of an inclined taper is prepared. In this example, 1st plane- 
of-composition 2a is continuously formed from the bore section of a flange 2 to the outer-diameter 
section. The meat NUSUMI section 3 which is the circumferential groove section is formed in the 
peripheral face of the shaft 1 which adjoins 1st plane-of-composition 2a. 
[0013] 

10 is the pulley section which consists of an aluminum containing alloy, the taper-like belt contact 
surface 1 1 is established in one side face of the pulley section 10, and the circular crevice [ a little major 
diameter / flange / 2 ] 12 is established in the tooth back which counters. The base of a crevice 12 is 2nd 
plane-of-composition 12a joined to 1st plane-of-composition 2a of a flange 2, and this 2nd plane-of- 
composition 12a is the vertical angle theta 2 of the belt contact surface 1 1 . Big vertical angle theta 3 It is 
the taper side which it has. In addition, vertical angle theta 4 smaller than 2nd plane-of-composition 12a 
in the inner circumference section of 2nd plane-of-composition 12a in this example Although taper side 
12b which it has is formed, this taper side 12b is for preventing, and may omit that 1st plane-of- 
composition 2a and 2nd plane-of-composition 1 2a of a flange 2 carry out per edge at the time of a 
friction joint. Circular-sulcus 12c which opens spacing and encloses peripheral face 2b of a flange 2 
after junction is formed in the periphery section of a crevice 12. 
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[0014] 

As mentioned above, an axis and a right-angled flat side do not exist in 1st plane-of-composition 2a, 2nd 
plane-of-composition 12a, and taper side 12b, but only taper sides are consisted of. Each vertical-angle 
thetal -theta4 of 1st plane-of-composition 2a, the belt contact surface 11, 2nd plane-of-composition 12a, 
and taper side 12b It is set up as follows, 
thetal =theta2 =theta4 <theta3 

Here, it was set as thetal =theta2 =theta4 =77 degree and thetaS =83 degree. 
[0015] 

Next, how to join the pulley section 10 to the flange 2 of a shaft 1 is explained. 

As shown in drawin g 2 , while fixing with the locking device which does not illustrate the pulley section 
10, friction welding of 1st plane-of-composition 2a of a flange 2 and the 2nd plane-of-composition 12a 
of the pulley section 1 0 is carried out by forcing a flange 2 in the direction of a tooth back (2nd plane-of- 
composition 12a) of a pulley 10, inserting the main hole 13 of the pulley section 10 in a shaft 1, and 
rotating a shaft 1 . In addition, the pulley section 1 0 is fixed, it may replace with the approach of rotating 
a shaft 1, a shaft 1 may be fixed, the pulley section 10 may be rotated, and you may join. At this time, it 
is the vertical angle theta 3 of 2nd plane-of-composition 1 2a. Vertical angle theta 1 of 1 st plane-of- 
composition 2a Since it is set up greatly, the inner circumference side (taper side 12b) of 2nd plane-of- 
composition 12a is rubbed previously, the clearance between the meat NUSUMI section 3 of a shaft 1 
and the main hole 13, and a shaft 1 is filled up with the softened aluminum containing alloy, and it 
hardens after cooling. Therefore, the clearance between shaft 1 periphery and pulley section 1 0 inner 
circumference can be certainly filled with a softening metal, and both bond strength can be made high. If 
friction welding advances, a friction surface is expanded to a periphery, and the softened metal will flow 
to an outer-diameter side, and will be accumulated in circular-sulcus 12c (refer to drawing 3 ). 
Therefore, the softening metal which flowed to the outer-diameter side does not overflow into the tooth- 
back side of the pulley section 10. 
[0016] 

Since the meat NUSUMI section 3 prepared in the shaft 1 is filled up with an aluminum containing alloy 
and mechanical bonding strength works as mentioned above at the same time the metallurgy junction 
force by the counter diffusion of steel and aluminum works between 1 st plane-of-composition 2a and 
2nd plane-of-composition 12a, a shaft 1 and the pulley section 10 are joined by high intensity. 
Moreover, since clamping force acts on the aluminum with which the meat NUSUMI section 3 was 
filled up by the heat shrink difference of steel and aluminum when an aluminum containing alloy 
hardens by cooling after a pressure welding, still firmer association is performed. 
Moreover, vertical angle theta 3 of 2nd plane-of-composition 1 2a Vertical angle theta 1 of 1 st plane-of- 
composition 2a Since it is set up greatly, the softening cost by the side of the inner circumference of 2nd 
plane-of-composition 2a of the pulley section 1 0 can be enlarged compared with the softening cost by 
the side of a periphery. Therefore, it fills up with many softening metals (aluminum) to the meat 
NUSUMI section 3, and they can fix the pulley section 10 and a shaft 1 firmly. 
Furthermore, since it was made for a friction surface to be serially expanded to a periphery as the inner 
circumference side of 2nd plane-of-composition 12a was previously rubbed at the time of friction 
welding and friction welding advanced, it is destroyed certainly and the oxide film which exists in 2nd 
plane-of-composition 12a is discharged to a periphery side. Therefore, in the state of junction, an oxide 
film hardly exists between 1st plane-of-composition 2a and the pulley section 10, but junction 
dependability becomes high. 
[0017] 

If V belt B is rolled almost and driven to the pulley which combined a shaft 1 and the pulley section 10 
as shown in drawing 3 , the outer-diameter section of the pulley section 1 0 will be pushed in the 
direction F 1 of an arrow head with a thrust. Therefore, the moment M tends to act on the pulley section 
10, and the bore section of the pulley section 10 tends to displace to an opposite direction like an arrow 
head F2. On the other hand, since the flange 2 which consists of steel supports the pulley section 10 
from behind, while being able to control the inclination of the pulley section 1 0, and bending, the 
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aluminum containing alloy of the pulley section 1 0 with which the meat NUSUMI section 3 was filled 
up demonstrates an anchor effect, and can prevent the relief and crack of the bore section of the pulley 
section 10. Therefore, it becomes a rigid high pulley for nonstep variable speed gears to a belt thrust. 
Moreover, although maximum load acts on the shortest path (a broken line L shows to drawing 3 ) 
which connects the edge of a flange 2, and the beh contact surface 1 1 of the pulley section 10 with a 
thrust Fl, since the belt contact surface 1 1 of the pulley section 10 and 1st plane of composition 2a of a 
flange 2 are almost parallel taper sides in a junction condition in the case of the pulley section 10 of the 
above-mentioned structure, there is no change of thickness in radial [ of the pulley section 10 ], and 
fracture of the pulley section 10 can be prevent. If it puts in another way, even if it does not enlarge 
thickness of the pulley section 10 especially, fracture of the pulley section 10 can be prevented. 
[0018] 

The pulley of this invention is suitable for the nonstep variable speed gear which used the dry type V 
belt. That is, since a pulley thrust is as low as about about 1 / two to 1/3 compared with a wet V belt type 
nonstep variable speed gear in the case of the nonstep variable speed gear using a dry type V belt, even 
if it constitutes a pulley from composite of a steel shaft and the pulley section made from an aluminum 
containing alloy, sufficient endurance is acquired, and the practical use range can be extended to the 
nonstep variable speed gear using the dry type belt for a large-sized motorbike, a light car, and minicars 
etc. 
[0019] 

This invention is not limited to the above-mentioned example. 

Although the 1 st plane of composition of a flange was made into the taper side of the same include angle 
as the belt contact surface of the pulley section and the 2nd plane of composition before junction of the 
pulley section was made into the taper side where a vertical angle is bigger than the 1st plane of 
composition in the above-mentioned example, it does not restrict to this. 

For example, it is good also as a taper side of a vertical angle which is different from the belt contact 
surface in the 1st plane of composition of a flange, and good also as a right-angled flat side to an axis. 
Moreover, it is good also as a taper side which inclined the 2nd plane of composition before junction of 
the pulley section to the belt contact surface and hard flow, and good also as a configuration with a level 
difference between a bore side and an outer-diameter side in addition to a taper side. In short, the 2nd 
plane of composition should have the just large softening cost by the side of inner circumference 
compared with the softening cost by the side of a periphery. 

In this invention, shafts may be the shaft of not only the shaft of a solid but hollow, a sleeve, and a hub, 
and should just be members which constitute the shank of a pulley. Therefore, the pulley of this 
invention is applicable not only to a fixed sheave but a movable sheave. 
[0020] 

[Effect of the Invention] 

By the above explanation, since the flange of a shaft and the tooth back of the pulley section were joined 
by friction welding according to invention according to claim 1 so that clearly, the metallurgy junction 
force of both metals works and rigid-body association is carried out. And since it is confrontation 
junction to the tooth back of the pulley section and the flange of a shaft which meet shaft orientations, 
the direction of the thrust concerning a pulley becomes almost perpendicular to a plane of composition, 
and bonding strength is high. Therefore, junction width of face of the pulley section and a shaft can be 
made small, and it can miniaturize in shaft orientations. 

A precision required for friction welding is good in a low precision compared with press fit or **** 
conclusion, and easy to control quality the quality. Furthermore, like less than 1 minute, since the time 
amount which friction welding takes is a short time comparatively, it is cast, is excellent in productivity 
compared with approaches, such as press fit and **** conclusion, and can be manufactured by low cost. 
Furthermore, since the softening cost by the side of the inner circumference of the 2nd plane of 
composition of the pulley section is enlarged compared with the softening cost by the side of a 
periphery, an inner circumference side is previously rubbed at the time of fi-iction welding, and many 
softened metals move to the bore section of the pulley section. Therefore, the circumferential groove 
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section of a shaft and the clearance between a shaft periphery and pulley section inner circumference can 
be certainly filled with a softening metal, and it has the effectiveness that the bonding strength of the 
pulley section and a shaft improves. 
[Brief Description of the Drawings] 

[Drawin g 1] It is a sectional view before association of the pulley for nonstep variable speed gears 
which is an example of this invention. 

[Drawing 2] It is a sectional view in the middle of joint [ of the pulley for nonstep variable speed gears 
shovra in drawin g 1 ]. 

[Drawing 3] It is a sectional view after association of the pulley for nonstep variable speed gears shown 
in drawing 1 . 

[Drawing 4] It is a sectional view before association of the pulley for nonstep variable speed gears 
which will be the requisite for this invention. 

[Drawing 5] It is a sectional view after association with the shaft shown in drawing 4 , and the pulley 
section. 

[Description of Notations] 

1 Shaft 

2 Flange 

2a The 1 st plane of composition 

3 Meat NUSUMI Section (Circumferential Groove Section) 

10 Pulley Section 

1 1 Belt Contact Surface 

12a The 2nd plane of composition 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] 

This invention relates to the manufacture approach of the pulley for nonstep variable speed gears, 
especially the manufacture approach of the pulley of a composite construction which consists of a steel 
shaft and the pulley section made from a light alloy. 
[0002] 
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PRIOR ART 



[Description of the Prior Art] 
[Patent reference 1] JP,63-104790,A 

Although the various nonstep variable speed gears which perform automatic gear change using a V belt 
are put in practical use conventionally, constituting the pulley section from light alloys, such as an 
aluminum containing alloy, especially for lightweight-izing or the improvement of heat dissipation 
nature is performed. In that case, as for a power transfer shaft (shaft), it is desirable to use steel materials 
in order to secure the endurance over transfer torque. Therefore, only the pulley section rubbed against a 
belt is set as the object of light-alloy-izing. 
[0003] 

Although it is necessary to join a steel shaft and the pulley section made from an aluminum containing 
alloy to high intensity at this time, as a high intensity junction technique of the conventional steel and an 
aluminum containing alloy, "cast", "press fit", "conclusion which used with [ of **** ] the bundle", etc. 
can be considered. However, the quality control process cut any approach in many, and it had become 
cost quantity from the reasons of the required part of machining increasing. 
[0004] 

Then, the method of joining the pulley section made from aluminum and a steel shaft to the patent 
reference 1 by the friction joint like a publication is proposed. This approach makes the bore of the 
pulley section made from aluminum smaller than the outer diameter of a steel shaft, it fixes the pulley 
section, rotates a shaft, contacts a plane of composition, applies a pressure, suspends rotation of a shaft 
after insertion, and it is pressurized fiirther and it joins it. 
[0005] 

Since the inner skin of the pulley section and the peripheral face of a shaft become with a plane of 
composition in the case of the above-mentioned junction approach, the thrust (axial load) concerning the 
pulley section acts in the shear direction to a plane of composition. Therefore, there is a fault that must 
take the large junction width of face of the pulley section and a shaft in order to raise bonding strength, 
and the thickness of the bore section of the pulley section becomes large, and weight becomes large. 
Moreover, since the plane-of-composition product of the pulley section and a shaft was small, when a 
belt thrust acted to the pulley section, the pulley section inclined to the shaft, or it was easy to generate a 
crack etc. in a joint with a shaft, and there was a problem that the rigidity over a belt thrust was low. 
[0006] 
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EFFECT OF THE INVENTION 



[Effect of the Invention] 

By the above explanation, since the flange of a shaft and the tooth back of the pulley section were joined 
by friction welding according to invention according to claim 1 so that clearly, the metallurgy junction 
force of both metals works and rigid-body association is carried out. And since it is confrontation 
junction to the tooth back of the pulley section and the flange of a shaft which meet shaft orientations, 
the direction of the thrust conceming a pulley becomes almost perpendicular to a plane of composition, 
and bonding strength is high. Therefore, junction width of face of the pulley section and a shaft can be 
made small, and it can miniaturize in shaft orientations. 

A precision required for friction welding is good in a low precision compared with press fit or **** 
conclusion, and easy to control quality the quality. Furthermore, like less than 1 minute, since the time 
arnouni which friction welding takes is a short time comparatively, it is cast, is excellent in productivity 
compared with approaches, such as press fit and **** conclusion, and can be manufactured by low cost. 
Furthermore, since the softening cost by the side of the inner circumference of the 2nd plane of 
composition of the pulley section is enlarged compared with the softening cost by the side of a 
periphery, an inner circumference side is previously rubbed at the time of friction welding, and many 
softened metals move to the bore section of the pulley section. Therefore, the circumferential groove 
section of a shaft and the clearance between a shaft periphery and pulley section inner circumference can 
be certainly filled with a softening metal, and it has the effectiveness that the bonding strength of the 
pulley section and a shaft improves. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] 

Then, the pulley for nonstep variable speed gears with bonding strength high [ as shown in drawing 4 
and drawing 5 , while an applicant for this patent forms a flange 21 in the steel shaft 20 and does relative 
rotation of the tooth back of this flange 21 and the pulley section 30 made from a light alloy, are joining 
by friction welding, and ], and the high rigidity over a belt thrust was proposed (application for patent 
No. 271291 [2001 to]). 

In drawing 4 and drawing 5 , the 1st plane of composition 22 is formed in one side face of a flange 21, 
and the 2nd concave plane of composition 32 is formed in the tooth back of this and the pulley section 
30 which counters. In addition, 3 1 is the belt contact surface. In order to raise the bond strength of the 
bore section of the pulley section 30, and a shaft 20 in the case of this pulley for nonstep variable speed 
gears, the circumferential groove section 23 for filling up with the softened metal (light alloy) the 
periphery section of the shaft 20 which adjoins the 1st plane of composition 22 of a flange 21 is formed. 
[0007] 

Since the 1st plane of composition 22 and the 2nd plane of composition 32 are formed in respect of 
being parallel in the case of the above-mentioned structure, the 1st plane of composition 22 and the 2nd 
plane of composition 32 rub on the whole surface at the time of friction welding. However, the 
peripheral velocity by the side of the periphery in a friction surface is large, since temperature becomes 
[ a periphery side ] high compared with an inner circumference side, a periphery side softens previously 
and an inner circumference side will be in the condition of saying that it is still hard. A softening metal 
is an assembly and a cone to a periphery side by the difference in such softening temperature, and the 
centrifugal force at the time of fi-iction welding. Therefore, the circumferential groove section 23 could 
not be filled up with enough softening metals, but there was a case where desired bond strength was not 
obtained between a shaft 20 and the pulley section 30. 
[0008] 

Then, the purpose of this invention can be filled up with enough softening metals for the circumferential 
groove section prepared in a shaft, and is to offer the manufacture approach of the pulley for nonstep 
variable speed gears with the high bond strength of a flange and the pulley section, 
[0009] 
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MEANS 

[Means for Solving the Problem] 

In order to attain the above-mentioned purpose, invention concerning claim 1 While preparing in one the 
flange which has the 1st plane of composition joined to the above-mentioned pulley section in the 
manufacture approach of the pulley for nonstep variable speed gears which consists of a steel shaft and 
the pulley section made from a light alloy The process which prepares the shaft in which the 
circumferential groove section was formed for the peripheral face of the shaft which adjoins the 1st 
plane of composition of the above-mentioned flange, The process for which the pulley section in which 
the 2nd plane of composition which enlarged the softening cost by the side of inner circumference 
compared with the softening cost by the side of a periphery was formed at the belt contact surface and 
the tooth back which counters is prepared, While joining by friction welding, carrying out relative 
rotation of the 1st plane of composition of the above-mentioned flange, and the 2nd plane of 
composition of the pulley section, the manufacture approach of the pulley for nonstep variable speed 
gears of having the process which fills up the above-mentioned circumferential groove section with 
some softened metals is offered. 
[0010] 

The 1 St plane of composition of the flange of a shaft and the 2nd plane of composition of the tooth back 
of the pulley section are contacted, if friction welding is carried out, carrying out relative rotation of 
both the planes of composition, to a joint, the metallurgy junction force by the counter diffusion of a 
flange and the pulley section will work, and rigid-body association will be carried out at it. Since the 
2nd plane of composition of the pulley section and the 1 st plane of composition of the flange of a shaft 
which meet shaft orientations carry out confrontation junction, even if a thrust acts on the pulley section, 
**** of the pulley section is certainly supportable by the flange of a shaft. Therefore, junction width of 
face of the pulley section and a shaft can be made small, and a thin pulley can be constituted in shaft 
orientations. 

Moreover, the circumferential groove section was formed in the peripheral face of the shaft which 
adjoins the 1st plane of composition of a flange, and it is filled up with some light alloys softened by 
friction welding in this circumferential groove section. Since the 2nd plane of composition of the pulley 
section has enlarged the softening cost by the side of inner circumference especially compared with the 
softening cost by the side of a periphery, an inner circumference side is previously rubbed at the time of 
friction welding, and many softened metals move to the bore section of the pulley section. Therefore, the 
clearance between the circumferential groove section and a shaft periphery, and pulley section inner 
circumference can be certainly filled with a softening metal. Since the light alloy which the 
circumferential groove section was filled up and hardened demonstrates an anchor effect, the bonding 
strength of the bore section of the pulley section and a shaft (flange) improves. 
[0011] 

It is good to form in the 1 st plane of composition of a flange the belt contact surface of the pulley 
section, and the taper side which inclined in this direction, and to form in the 2nd plane of composition 
before junction of the pulley section the taper side where a vertical angle is bigger than the 1 st plane of 
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composition like claim 2. 

In this case, the field by which friction welding is carried out first is only an inner circumference side, 
and a friction surface is expanded to a periphery side as a pressure welding advances after that. Thus, the 
oxide film which exists in the plane of composition of the pulley section made fi-om a light alloy by a 
firiction surface being expanded serially is destroyed certainly, and an oxide film is joined in the 
condition of having been removed certainly, in the state of the completion of junction. Therefore, 
junction dependability becomes high. 

In addition, since the 1 st plane of composition and the beh contact surface of a flange become parallel in 
the completion condition of junction when the vertical angle of the 1st plane of composition of a flange 
is mostly used as the vertical angle of the belt contact surface of the pulley section at the same include 
angle, wall thickness reduction of the pulley section corresponding to the periphery edge of a flange can 
be made small, and it becomes possible to raise the reinforcement to a belt thrust. If it puts in another 
way, it will become possible to maintain desired reinforcement, making thickness of the whole pulley 
section small. 
[0012] 

[Embodiment of the Invention] 

Drawing 1 - drawing 3 show an example of the pulley for nonstep variable speed gears concerning this 
invention, and, as for drawing 1 , drawing 3 shows the condition after junction before junction in the 
middle of junction, as for drawing 2 . 

1 is a steel shaft and the approximate circle tabular flange 2 is formed in the shaft 1 at one. It is [ as 
opposed to / in one side face of a flange 2 / the axis of a shaft 1 ] the predetermined vertical angle theta 
1 . 1st plane-of-composition 2a of the shape of an inclined taper is prepared. In this example, 1st plane- 
of-composition 2a is continuously formed from the bore section of a fl.ange 2 to the outer-diameter 
section. The meat NUSUMI section 3 which is the circumferential groove section is formed in the 
peripheral face of the shaft 1 which adjoins 1st plane-of-composition 2a. 
[0013] 

10 is the pulley section which consists of an aluminum containing alloy, the taper-like belt contact 
surface 1 1 is established in one side face of the pulley section 10, and the circular crevice [ a little major 
diameter / flange / 2 ] 12 is established in the tooth back which counters. The base of a crevice 12 is 2nd 
plane-of-composition 12a joined to 1st plane-of-composition 2a of a flange 2, and this 2nd plane-of- 
composition 12a is the vertical angle theta 2 of the belt contact surface 1 1 . Big vertical angle theta 3 It is 
the taper side which it has. In addition, vertical angle theta 4 smaller than 2nd plane-of-composition 12a 
in the inner circumference section of 2nd plane-of-composition 12a in this example Although taper side 
12b which it has is formed, this taper side 12b is for preventing, and may omit that 1st plane-of- 
composition 2a and 2nd plane-of-composition 1 2a of a flange 2 carry out per edge at the time of a 
friction joint. Circular-sulcus 12c which opens spacing and encloses peripheral face 2b of a flange 2 
after junction is formed in the periphery section of a crevice 12. 
[0014] 

As mentioned above, an axis and a right-angled flat side do not exist in 1st plane-of-composition 2a, 2nd 
plane-of-composition 12a, and taper side 12b, but only taper sides are consisted of. Each vertical-angle 
theta 1 -theta4 of 1st plane-of-composition 2a, the beh contact surface 11, 2nd plane-of-composition 12a, 
and taper side 12b It is set up as follows, 
thetal =theta2 =theta4 <theta3 

Here, it was set as thetal =theta2 =theta4 =77 degree and theta3 =83 degree. 
[0015] 

Next, how to join the pulley section 10 to the flange 2 of a shaft 1 is explained. 

As shown in drawing 2 , while fixing with the locking device which does not illustrate the pulley section 
10, friction welding of 1st plane-of-composition 2a of a flange 2 and the 2nd plane-of-composition 12a 
of the pulley section 1 0 is carried out by forcing a flange 2 in the direction of a tooth back (2nd plane-of- 
composition 12a) of a pulley 10, inserting the main hole 13 of the pulley section 10 in a shaft 1, and 
rotating a shaft 1 . In addition, the pulley section 10 is fixed, it may replace with the approach of rotating 
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a shaft 1, a shaft 1 may be fixed, the pulley section 10 may be rotated, and you may join. At this time, it 
is the vertical angle theta 3 of 2nd plane-of-composition 1 2a. Vertical angle theta 1 of 1 st plane-of- 
composition 2a Since it is set up greatly, the inner circumference side (taper side 12b) of 2nd plane-of- 
composition 12a is rubbed previously, the clearance between the meat NUSUMI section 3 of a shaft 1 
and the main hole 13, and a shaft 1 is filled up with the softened aluminum containing alloy, and it 
hardens after cooling. Therefore, the clearance between shaft 1 periphery and pulley section 10 inner 
circumference can be certainly filled with a softening metal, and both bond strength can be made high. If 
friction welding advances, a friction surface is expanded to a periphery, and the softened metal will flow 
to an outer-diameter side, and will be accumulated in circular-sulcus 12c (refer to drawing 3 ). 
Therefore, the softening metal which flowed to the outer-diameter side does not overflow into the tooth- 
back side of the pulley section 10. 
[0016] 

Since the meat NUSUMI section 3 prepared in the shaft 1 is filled up with an aluminum containing alloy 
and mechanical bonding strength works as mentioned above at the same time the metallurgy junction 
force by the counter diffiision of steel and aluminum works between 1 st plane-of-composition 2a and 
2nd plane-of-composition 12a, a shaft 1 and the pulley section 10 are joined by high intensity. 
Moreover, since clamping force acts on the aluminum with which the meat NUSUMI section 3 was 
filled up by the heat shrink difference of steel and aluminum when an aluminum containing alloy 
hardens by cooling after a pressure welding, still firmer association is performed. 
Moreover, vertical angle theta 3 of 2nd plane-of-composition 1 2a Vertical angle theta 1 of 1 st plane-of- 
composition 2a Since it is set up greatly, the softening cost by the side of the inner circumference of 2nd 
plane-of-composition 2a of the pulley section 1 0 can be enlarged compared with the softening cost by 
the side of a periphery. Therefore, it fills up with m.any softening metals (aluminum) to the meat 
NUSUMI section 3, and they can fix the pulley section 10 and a shaft 1 firmly. 
Furthermore, since it was made for a friction surface to be serially expanded to a periphery as the inner 
circumference side of 2nd plane-of-composition 12a was previously rubbed at the time of friction 
welding and friction welding advanced, it is destroyed certainly and the oxide film which exists in 2nd 
plane-of-composition 12a is discharged to a periphery side. Therefore, in the state of junction, an oxide 
film hardly exists between 1st plane-of-composition 2a and the pulley section 10, but junction 
dependability becomes high. 
[0017] 

If V belt B is rolled almost and driven to the pulley which combined a shaft 1 and the pulley section 10 
as shown in drawing 3 , the outer-diameter section of the pulley section 10 will be pushed in the 
direction Fl of an arrow head with a thrust. Therefore, the moment M tends to act on the pulley section 
1 0, and the bore section of the pulley section 1 0 tends to displace to an opposite direction like an arrow 
head F2. On the other hand, since the flange 2 which consists of steel supports the pulley section 10 
from behind, while being able to control the inclination of the pulley section 10, and bending, the 
aluminum containing alloy of the pulley section 10 with which the meat NUSUMI section 3 was filled 
up demonstrates an anchor effect, and can prevent the relief and crack of the bore section of the pulley 
section 10. Therefore, it becomes a rigid high pulley for nonstep variable speed gears to a belt thrust. 
Moreover, although maximum load acts on the shortest path (a broken line L shows to drawing 3 ) 
which connects the edge of a flange 2, and the belt contact surface 1 1 of the pulley section 10 with a 
thrust F 1 , since the belt contact surface 1 1 of the pulley section 1 0 and 1 st plane of composition 2a of a 
flange 2 are almost parallel taper sides in a junction condition in thacase of the pulley section 10 of the 
above-mentioned structure, there is no change of thickness in radial [ of the pulley section 10 ], and 
fracture of the pulley section 10 can be prevent. If it puts in another way, even if it does not enlarge 
thickness of the pulley section 10 especially, fracture of the pulley section 10 can be prevented. 
[0018] 

The pulley of this invention is suitable for the nonstep variable speed gear which used the dry type V 
belt. That is, since a pulley thrust is as low as about about 1 / two to 1/3 compared with a wet V belt type 
nonstep variable speed gear in the case of the nonstep variable speed gear using a dry type V belt, even 
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if it constitutes a pulley from composite of a steel shaft and the pulley section made from an aluminum 
containing alloy, sufficient endurance is acquired, and the practical use range can be extended to the 
nonstep variable speed gear using the dry type belt for a large-sized motorbike, a light car, and minicars 
etc. 
[0019] 

This invention is not limited to the above-mentioned example. 

Although the 1 st plane of composition of a flange was made into the taper side of the same include angle 
as the belt contact surface of the pulley section and the 2nd plane of composition before junction of the 
pulley section was made into the taper side where a vertical angle is bigger than the 1 st plane of 
composition in the above-mentioned example, it does not restrict to this. 

For example, it is good also as a taper side of a vertical angle which is different from the belt contact 
surface in the 1st plane of composition of a flange, and good also as a right-angled flat side to an axis. 
Moreover, it is good also as a taper side which inclined the 2nd plane of composition before junction of 
the pulley section to the belt contact surface and hard flow, and good also as a configuration with a level 
difference between a bore side and an outer-diameter side in addition to a taper side. In short, the 2nd 
plane of composition should have the just large softening cost by the side of inner circumference 
compared with the softening cost by the side of a periphery. 

In this invention, shafts may be the shaft of not only the shaft of a solid but hollow, a sleeve, and a hub, 
and should just be members which constitute the shank of a pulley. Therefore, the pulley of this 
invention is applicable not only to a fixed sheave but a movable sheave. 
[0020] 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view before association of the pulley for nonstep variable speed gears 
which is an example of this invention. 

[Drawing 2] It is a sectional view in the middle of joint [ of the pulley for nonstep variable speed gears 
shown in drawing 1 ]. 

[Drawing 3] It is a sectional view after association of the pulley for nonstep variable speed gears shown 
in drawing 1 . 

[Drawing 4] It is a sectional view before association of the pulley for nonstep variable speed gears 
which will be the requisite for this invention. 

[Drawing 5] It is a sectional view after association with the shaft shown in drawing 4 , and the pulley 
section. 

[Description of Notations] 

1 Shaft 

2 Flange 

2a The 1 st plane of composition 

3 Meat NUSUMI Section (Circumferential Groove Section) 

10 Pulley Section 

1 1 Belt Contact Surface 

12a The 2nd plane of composition 



[Translation done.] 
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